Abstract. Aiming at the problem that the large vertical tank bottom increment is difficult to accurately measure, a bottom incremental field measurement system based on wireless sensor network was developed. The high-precision pressure sensor is used to measure the height difference of the measuring points inside the tank, and the bottom increment value and the three-dimensional figure at the corresponding temperature are output. The system realized the wireless networking of the on-site measurement nodes, which is quick to install and requires no wiring. The experimental results show that the method meets the requirements of field application and has good use value.
Introduction
At present, the measurement of the vertical tank is still offline, is that, manual geometric measurement or three-dimensional laser scanning measurement is performed in the empty can state. The vertical tank bottom incremental wireless measurement system mentioned in this paper can measure the bottom increment in real time in the vertical tank filled with liquid by arranging the wireless level measurement module at the bottom measurement point.
Basic Principle of Bottom Increment Measurement
As shown in Figure 1 , the bottom of the vertical tank is irregular in shape, and the bottom increment is the tank bottom capacity below the highest point plane of the tank bottom [1] . Calculating the bottom increment and its unevenness correction value can regard the bottom of the tank as a non-standard cone, and divide the bottom circle of the cone into m concentric circles, the distance from the center of the tank bottom to the concentric circle is determined by the condition that the area of the divided circle (the center is the circle) is equal. These concentric circles divide the cone into a small cone and a plurality of circular truncated cone. Each concentric ring evenly distributes n points which are shown in Figure 2 . Measuring the heights of n points to the center of the can bottom and adding the volume of each ring, we can get the unevenness correction value, such as equations (1):
(1) Where: k is the number of divided pieces at the bottom of the tank, k=m*n; r is the bottom radius of the tank; h 0 is the height of the center point of the tank bottom; h m-1 is the height of the measuring point on the circumference (m-1). Accordingly, the bottom increment of the tank v i can be obtained by following the equations (2): 
The Composition of The Wireless Measurement System

Working Principle of The System
This design uses a level measurement module based on pressure measurement [2] . As shown in Figure 3 , the liquid level measuring module is fixed to each measuring point. When a liquid of a certain height is injected into the vertical tank, the pressure of each measuring point is different due to the deformation of the bottom. The liquid level module measures the pressure value p i of the measuring point and converts p i to the height h i (the vertical distance from each measurement point to the reference liquid level), and sends it to the upper computer through the wireless network. The flow chart is shown in Figure 4 . 
Module Hardware Composition
As shown in Figure 5 , the liquid level measuring module is mainly composed of diffused silicon sensor, PT100 temperature sensor, AD conversion circuit, and wireless module. The diffused silicon pressure sensor[3] is used to get the pressure at the measuring point. The selected sensor output full range voltage is about 100 mV, after signal amplification and conversion circuit converted to 0-5V output [4] .
The pt100 temperature sensor is platinum heat resistance which is made according to the thermal resistance effect of the metal material [5] . The system converts the resistance value change into a 0-5V output through a four-wire constant current source method circuit [6] .
The function of the ad conversion circuit is to convert the sensor output voltage into a digital signal. The system uses the 24-bit ad chip ads1256 which has the advantages of low nonlinearity, high sampling rate [7] . The controller stm32f103c8t6 communicates with the ads1256 via spi.
The wireless module uses a 170M low frequency wireless module. Due to the large signal attenuation in the water, the use of low-frequency wireless modules can greatly reduce the loss of wireless signals. It communicates with stm32 via ttl.
Software System
This system uses labview software as the development platform of the host computer software, and calls the matlab program script in labview for data processing.
The software system has the functions of data acquisition, calculation, display and forming three-dimensional graphics of vertical tank bottom. The flow chart of the operation is shown in Figure 6 below. 
Verification Experiment Simulation Verification Experiment
In order to verify the practicability of the system, we first carried out the bottom amount simulation experiment. A sink with a diameter of 2.3m was built indoors, and 140 dm 3 quartz sand was placed in the tank to simulate the deformation of the bottom of the vertical tank. Due to the small size of the water tank, the liquid level measuring module is distributed according to the 4-ring (8 points per ring), injecting water until it reaches a certain distance from the highest point of the sand pile, as shown in Figure 7 below. After the liquid level is stabilized, the liquid level values at each point are measured, and the obtained values are shown in Table 1 below. According to the Eq. 1, we can calculate that Δv c =144.9dm 3 , and the measurement error was 3.5% while the bottom three-dimensional map was obtained as shown in Figure 8 below. 
Vertical Tank Experiment
In order to verify the accuracy of the measurement system in the actual measurement, this experiment selected 5000m 3 vertical tank of an oil storage base in Zhoushan Zhejiang province as the experimental object. We used the total station scanning method and the wireless measuring system device to make a comparative measurement of the bottom increment of the vertical tank.
The total station scanning experiment adopts the tps1101 total station instrument produced by Leica Company of Switzerland. Under the drive of special software, the total station can automatically measure the horizontal section according to a certain vertical spacing.
The basic working principle of the total station in the vertical tank measurement is shown in Figure 9 above. Using the total station to measure the height of each plate, and then scan to obtain the radius data in Table 2 , according to the data obtained can be compiled for the tank capacity, the results are shown in Table 3 . From this table, the vertical tank bottom amount is 95.896 m 3 . In the vertical tank to be tested, the liquid level measuring module is distributed according to the measuring point shown in Figure 2 . The scene is shown in Figure 10 . Injecting water until it reaches a certain distance from the highest point of the bottom. After the liquid level is stabilized, measuring the liquid level values at each point, and the obtained values are shown in Table 4 below. I  II  III  IV  V  VI  VII  VIII  0-1  100  145  205  232  258  268  279  276  313  0-2  100  168  207  224  241  265  270  286  298  0-3  100  165  180  203  215  258  256  281  303  0-4  100  161  179  202  240  262  279  290  304  0-5  100  179  194  213  221  266  256  288  308  0-6  100  166  204  225  241  242  273  282  320  0-7  100  180  203  237  241  260  269  301  310  0-8  100  151  210  258  255  280  285  306  303 According to the Eq. 1, v i =93237.7 dm 3 , with the total station measured value of 95896 dm 3 as the standard value, the measurement error is 2.8%, and the bottom three-dimensional shape is obtained as shown in Figure 11 above.
Conclusion
This paper develops a set of bottom wireless measurement system based on the vertical measurement method of vertical tank bottom. The system includes a host computer based on labview and matlab software and a wireless liquid level measurement module made of diffused silicon pressure sensor. It can measures the bottom increment of the vertical tank and forms a three-dimensional graphic at the bottom.
The wireless measurement system has the advantages of high precision, convenient construction and installation, high cost performance, and less wiring, and has a good application prospect in the field of incremental measurement at the bottom of the vertical tank.
